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(54) Polybenzoxazole resin and precursor thereof 

(57) The present invention provides heat resistant resins excellent in all of electrical characteristics, thermal char- 
acteristics, and low water absorption. That is, the present invention provides polybenzoxazole precursors represented 
by the following general formulas (1), (3) and (5) and polybenzoxazole resins represented by the following general 
formulas (2), (4) and (6): 
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wherein n denotes an integer of 2-1000, Ftt, and Rf 2 which may be the same or different, denote H or C m F 2m+1 , with 
the proviso that at least one of them is C m F 2nVKl , m denotes an integer of t -10, and X denotes a divalent organic group. 
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Description 

TECHNICAL FIELD 

5 [0001] The present invention relates to polybenzoxazole resins wh.ch are excellent in electrical charactenstics. ther- 
rnal characters, mechanical charactenstics. and phys,cal characteristics, and which are usabie as ay er .nsulat.on 
films and protective films for semiconductors, layer insulation films of multilayer circuits, cover coats of flexible copper- 
clad sheets, solder resist films, liquid crystal-aligned films, etc. 

w BACKGROUND ART 

[0002] Various materials such as inorganic materials and organic materials are used as semiconductor materials for 
Lous parts in accordance with characteristics required. For example, .norgan.c '""^ •«* | ^ ^ ° 
silicon dioxide which are prepared by chemical gas phase deposition process, are used as layer insulation films for 
is Semiconductors However with recent enhancement in function and increase in performance of semiconductors, ap- 
ptcafon of morgan* insufction tilms of silicon dioxide and the „ke becomes difficult due to P«^"^* 
dielectric constant, bntt.eness and high water absorption rate. As one means for improving these problems, application 
of organic materials is being investigated. u;,w o« e„o fl rinr in 

[0003] As organic materials for semiconductors, mention may be made of polyim.de res.ns wh.ch are supenc .n 
nTat resistance" mechanical characteristics and ,he .ike, and .hey are used for so.der ^^^^^^ 
al.gned films, and the like. However, po.yimide resms generally have problems in electrical characte nst.cs and water 
aSorotion since they have twocarbonyl groups in imide ring. For the solut.on of these problems, ,t ,s attempted to 

fmp™^^^^ 

into polymer molecules, but the improvement has not yet reached the des.red level. nnluim . de 
[O0O4] Under the circumstances, it is attempted to apply polybenzoxazole res.ns wh.ch are supenor t po yim do 
resins in electrical characteristics and water absorption, to insulation materials to be used for semiconductors It .s 
eaTJ polybenzoxazole resins to satisfy only one of electrica. charactenstics, thermal charactenst.es or physical 
chaLSe^st cs For example, a polybenzoxazole resin made from 4,4^iamino-3, 3 --dihydroxybipheny. and terephthal.c 
fcfd has much supenor neat resistance such as high heat decomposition res.stance or high Tg, but is not so goodin 
electrica, characteristics such as dielectric constant and dielectric loss tangent. A ^"""^^^S 
2 2"-bis(3-am,no-4-hydroxyphenyl)hexafluorcpropane and terephthalic acid shows good electneal charactenstics such 
as low dfe«ectric constant, but is not so good in heat resistance and the like. Thus, at present, there have been gained 
no resins which are excellent in all of electrical charactenstics, thermal characteristics and physical characteristics. 

35 DISCLOSURE OF THE INVENTION 

[0005] The object of the present invention is to provide heat resistant resins excellent in all of electrical characteristics, 
thermal characteristics and low water absorption. hJ , ue 
r00061 As a resuft of intensive research conducted in an attempt to solve the above problems, the inventors have 

40 Soljben oxazot precursors represented by the follownng genera, formulas (1 ). (3) and (5) and P°^«"™"* 
resms represented by the fo.lowing genera. formu.as (2), (4) and (6), and have accompl.shed the present invention. 



20 



2S 



30 



45 



SO 



ss 



4 




XDCIO: <EP 0997488A1 J_> 



5 



EP 0 997 488 A1 





(6) 



rOOOTl Th polybenzoxazole resins represented by the formula (2) ar obtained from the polybenzoxazole precursors 
epr sented by the formula (1 ). the resins represented by the formula (4) are obtained from the P« ureo «W«»nted 
bytha formula (3). and the resins represented by the formula (6) are obtained from the precursors represented by the 

ISSa? ( fn th above formulas (1). (3) and (5) and the formulas (2). (4) and (6). n denotes an integer of 2-1000. Rf, 
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and Rf 2 which may be the same cr different, denote H or C m F 2m ^ t , with the proviso that at least one of them is C^F^, 
m denotes an integer of 1 -1 0, and X denctes a divalent crganic group 

DETAILED DESCRIPTION OF THE INVENTION 

5 

[0009] Bisaminophenol compounds used for preparation of the polybenzoxazole precursors and resins of the present 
invention are represented by the following general formula (7), and as examples thereof, mention may be made of 2.2'- 
bis(3-amino-4-hydroxy-5-trifiuoromethylphenyl)hexafluoropropane. 2.2'-bis(3-amino-4-hydroxy-6-tr!fluoromethylphe- 
nyl)hexafluoroprcpane : 2,2 , -bis(3-amino-4-hydroxy-2-trifluorcmethylphenyl)hexafluoropropane 1 2.2'-bis(4-amino- 

10 3-hydroxy-5-trifluoromethylphenyl)hexafluoropropane. 2 T 2'-bis(4-amino-3-hydroxy-6-trifluoromethylphenyl)hexafluor- 
opropane, 2,2 , -bis(4-amino-3-hydroxy-2-trifluoromethyiphenyi)hexafluoropropane. 2,2'-bis(3-amino-4-hydroxy-5-pen- 
tafluoroethylphenyl)hexafluoropropane ; 2-(3-amino-4-hydroxy-5-trifluoromethylphenyl)-2 , -(3-amino-4-hydroxy-5-pen- 
tafluoroethylphenyl)hexafluoropropane. 2-(3-amino-4-hydroxy-5-trifluoromethylphenyl)-2'-(3-hydroxy-4-amino-5-tnf- 
luoromethylphenyl)hexafluoropropane, 2-(3-amino-4-hydroxy-5-trifluoromethylphenyl)-2 , -(3-hydroxy-4-amino-6-trif- 

is luoromethylphenyl)hexafluoropropane ; 2-(3-amino-4-hydroxy-5-trifluoromethylphenyl)-2 , -(3-hydroxy-4-amino-2-tnf- 
luoromethylphenyl)hexafluoropropane : 2-(3-ammo-4-hydroxy-2-trifluoromethylphenyl)-2'-(3-hydroxy-4-amino-5-tnf- 
luoromethyfphenyl)hexafluoropropane ; and 2-(3-amjno-4-hydroxy-6-trifluoromethylphenyl)-2'-(3-hydroxy-4-amino- 
5-trifluoromethylphenyl)hexafluoropropane. These bisaminophenol compounds can be used each alone or in combi- 
nation of two or more. Furthermore, bisaminophenol compounds which are not represented by the general formula (7), 
20 such as 4,4'-diamino-3,3 , -dihydroxybiphenyl and 2.2'-bis(3-amino-4-hydroxyphenyl)hexafluoropropane, can also be 
us d together as far as they do not damage the performances. 



30 



SO 



SS 



In the above formula (7), R^ and Rf 2 which may be the same or different, denote H or C m F 2m4 . 1 , with the proviso that 
at least one of them is C m F 2m «. 1; m denotes an integer of 1-10, and the amino group and the hydroxyl group are in the 
55 ortho position. 

[0010] The value m is 10 or less, preferably 3 or less. If m is greater than 10, dielectric constant is low, but heat 
resistance and mechanical characteristics are adversely affected. 

[0011] The dicarboxylic acids used for preparation of the polybenzoxazole precursors and resins of the present in- 
vention are represented by the undermentioned general formula (8), and examples thereof are 3-fluoroisophthalic acid, 

^0 2-fluoroisophthalic acid. 3-fluorophthalic acid, 2-fluorophthalic acid, 2-fluoroterephthalic acid, 2,4,5,6-tetrafluoroisoph- 
thalic acid, 3,4,5,6-tetrafluorophthalic acid, 4,4'-hexafluoroisopropylidenediphenyl-1 , 1 '-dicarboxylic acid, perfluoro- 
suberic acid, 2,2 , -bis(trifluoromethyl)-4,4'-biphenyienedicarboxylic acid. aS'-bisftrifluoromethylJ^^'-biphenylenedi- 
carboxylic acid, 2.2 , -bis(trifluoromethyl)-5 ! 5'-biphenylenedicarboxylic acid, 3 S'-bisftrifluoromethylJ-S^'-biphenylenedi- 
carboxylic acid, 4,4'- bisCtnfluoromethylJ-S.S'-biphenylenedicarboxylic acid, 4,4 , -biphenyldicarboxylic acid, 2,2P-biphe- 

*s nyldicarboxylic acid, naphthalene-1 ,4-dicarboxylic acid, naphthalene-1 ,5 -dicarboxylic acid, naphthalene-1, 6-dicarbo- 
xylic acid, naphthalene-2,6-dicarboxylic acid, bis(4-carboxyphenyl)sulfone, bis(3-carboxypheny)sulfone, terephthalic 
acid, isophthalic acid, and 4,4'-oxydiphenyl-l, V -dicarboxylic acid. The dicarboxylic acids are not limited to these ex- 
amples. They may be used each alone or in combination of two or more. 



H0 2 C — X — C0 2 H (8) 
In th formula (8), X denotes a divalent organic group. 

[0012] Methods for producing the polybenzoxazole precursor of the present invention include, for example, the con- 
densation reaction method comprising condensation reaction of a bisaminophenol compound represented by the above 
general formula (7) with a dicarboxylic acid represented by the above general formula (8) in the presence of a dehy- 
dration cond nsation agent such as polyphosphoric acid or dicyclohexycarbodiimide, the acid chloride method com- 
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prising dehydroch.orina.ion condensation reaction of a bisaminophenol compound represented by the general tormu|a 
wJL an acid chloride of a dicarboxylic acid represented by the genera, formuia ,3). the active ester method and 

[So^f According to one example o, preparation of the po.ybenzoxazo.e precursors by ^ ac «£^™^£ s 
4 4--hexafluoro.sopropylidenediphenyl-i. V-dicarboxylic acid which is a d.carboxyhc ac:d. .s reacted wjh an ^excess 
amount of thiony. chloride at a temperature of from room temperature to 75'C in the Ther the 

N-dimethy.formamide. followed by distilling off excess thbnyl cn.oride by heating under reducec £' e «™ ™ n \ "J 
Ldue is recrystallized by use of a solvent such as hexane to obtain ^^^exafluoroisopropylrdened.phenyM^ A 
carboxylic acid chloride which is an acid chloride. Thereafter, the resulting 4 4-hexaf "oro.sopropy , 1 
dTcarboxvlic acid chloride and 2 2 '-bis(3-amino-4-hydroxy-5-trifluoromethylphenyl)hexafluoropropane which is a 
b sam,^ heno comSuni. ^ dissolved usually in a polar solvent such as N^»^^ a ^ i ^ 
nying out the reaction a. a temperature of -30-C to room temperature in the presence of an acid-accep.or such as 

* can be obtained by subjecting the resulting po.ybenzoxazo.e precursors represented by the above gene* tomato. 
1. (3) and (5) to condeniation'reacfon by heat.ng or treating with a dehydrating agent ^^^^ 
f necessary vanous additives such as surface active agents and coupling agents are added to the resulting resins, 
and thes? can be used as layer insulation films and protectee films for semiconductors, layer .nsu ation Mm. of mul- 
Ser circuits, cover coats oH.exib.e copper-clad sheets, solder resist films, liquid ^^f^* ~ ^ 
[001 5] Furthermore, the precursors of the po.ybenzoxazole resins in the present invention can be ^"^Jogether with 
naphthoquinonediazide compounds as photosensitive agents to provide photosensitive res.n composites . 
?Sl « T^polybenzoxazole precursor of the present invention is preferably used in the state of varnish by dissolving 
Un a solvent Examples of the solvent are N-methyl-2-pyrro.idone, y-butvrolac.one, N,N-d,methy.acetam.de, N£- 
dilmy^mTde, Lethy, sulfoxide, diethyl ether, d.ethylene g.yco, d.methy. ether, 

dicthvlcne glycol dibuty. ethor. propylene glycol monomcthyl ether, dipropylenc glycol monomothyl other, propy one 
g,S monomethy. ether acetate, methyl lactate, ethy. lactate, buty. .aetata, methyl-1,3-buty.ene g.y <*£™* 
? 3 butylene g.yco.-3-monomethy. ether, methy. pyruvate, ethyl pyruvate, methy.-3-methoxy propionate, methyl ethyl 
ketone and methyl isobutyl ketone. These can be used each alone or in admixture of two or more. 
?M171 ^he polybenSxazole precursor of the present invention can be used in the following manner. The precursor 
inTn'e ^abov'Svent. and the so.ut.on is coated on a suitabfe support such as glass, metal, s icon wafer 
and cerarnc substrate As the coating method, mention may be made of spin coating w.th a spinner, spray coating 
S a spray c^X*9 PrX. ran coating, etc. After formation of a coating fi.m in this way. the film is preferably 
heat-treated to convert it into a polybenzoxazole resin. 

3S BEST MODE FOR CARRYING OUT THE INVENTION 

[0018] The present invention will be explained in more detail by way of the following examples. ,t should ^be under- 
stood that they are exemplary only, and should not be construed as limiting the present mvent.on .n any manner. 

40 Example 1 

( 1 ) Trif luoromethylation of bisaminophenol compound 

[0019] 150 Grams of 2,2'-bis(3-amino-4-hydroxyphen y i)hexaf.uorcpropane ( ma " uf ^ t h ured ^f f 5 en l t t r ^ ^fnSer 
Lid Vwas dissoh/ed in 890 ml of dried N.N-dimethytformamide (manufactured by K.sh.da Chemical Co., Ltd. hereinafter 
net red to as "DMF-) ^ d to the so.ution was added 393 g of s.(trif.uoromethy.)dibenzothiophenium 

anesu^ 

to 70'C at a heating rate o. tO'C/hour. fo.lowed by carrying out the react.on at 70 C for 24 hours. 
carried out in nitrogen atmosphere. The reaction mixture was added to water and t he i aqueo^ layer was adjusted^ 
around neutral followed by extraction with diethyl ether (manufactured by K.sh.da Chem,cal Co., Ltd., he ^ e,na "® r 
around neutra , oMoweooy layer was collected and ether was distilled off. Then, the precip.tate was suff.centty 
rshel "J^^T-^-^ - obtain 100.5 g of 2 ,2.-bis(3-amino-4-hydroxy-5-tri fl oorometh- 
ylphenyl)hexafluoropropane. 

55 (2) Preparation of acid chloride 
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Co 



0] 92 Grams of 44-hexafluoroisopropy.idenedipheny.-l .V-dicarboxy.K acid (manufactured ' ^ C J^^ 
Ltd.). 166 m. of thionyl chlor.de (manufactured by Kishida Chemical Co. Ltd.) and 1.8 ml of dried DMF were 
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charged in a reaction vessel, and the reaction was carried out at 60°C for 2 hours. After completion of the reaction, 
the excess thionyl chloride was distilled oft by heating under reduced pressure The precipitate was recrystallized using 
hexane (manufactured by Kanto Chemical Co.. Ltd.) to obtain 34.6 g of 4.4 , -hexafluoroisopropylidenediphenyl-1 , T- 
dicarboxylic acid chloride. 

(3) Preparation of precursor and production of resin film 

[0021] 100.5 Grams (0.2 mol) of 2.2'-bis(3-amino-4-hydroxy-5-trifluoromethylphenyl)hexafluoropropane was dis- 
solved in 400 g of dried dimethylacetamide. and 39.6 g {0.5 mol) cf pyridine (manufactured by Kishida Chemical Co., 
Ltd.) was added to the solution, followed by adding dropwise thereto a solution of 84.6 g (0.2 mol) of 4.4'-hexafluoroi- 
sopropylidenediphenyl-1,T-dicarboxylic acid chloride in 200 g of dimethylacetamide at -15°C in dry nitrogen over a 
period of 30 minutes. After completion of the addition, the temperature was restored to room temperature, followed by 
stirring at room temperature for 5 hours. Then, the reaction mixture was added dropwise to 700 ml of distilled water, 
and the precipitate was collected and dried to obtain a polybenzoxazole precursor. 

[0022] The resulting polybenzoxazole precursor was dissolved in N-methyl-2-pyrrolidone, and the solution was fil- 
tered by a Teflon filter of 0.2 urn in pore diameter to obtain a varnish. 

[0023] The polybenzoxazole precursor obtained above had a number-average molecular weight (Mn) of 25000 cal- 
culated in terms of polystyrene using GPC manufactured by Toso Co.. Ltd. 

[0024] The varnish was coated on a glass sheet by a doctor blade having a gap of 300 pm. Then, this was dried at 
70°C for 1 hour in an oven, and the coaling was peeled off to obtain a polybenzoxazole precursor film of 20 um in 
thickness. This film was fixed by a metal frame and heated at 150°C for 30 minutes, 250°C for 30 minutes and 350°C 
for 30 minutes successively in this order under nitrogen atmosphere to obtain a polybenzoxazole resin. This resin film 
was evaluated on various characteristics and the results are shown in Table 1 . 



25 Example 2 

[0025] 68.3 Grams of 1 ^S.S-tetrafluoro^e-dicyanobenzene (manufactured by SDS Bioteck Co., Ltd.) was added 
to 342 g of 65% aqueous sulfuric acid. The former was dissolved by heating, and then the solution was heated for 3 
hours under refluxing conditions The precipitated crystal was subjected to suction filtration, and the collected crystal 
30 was washed with concentrated hydrochloric acid (manufactured by Wako Jun-yaku Industry Co., Ltd.) and then air- 
dried to obtain 49.2 g of 2.4.5.6-tetrafluoroisophthalic acid. 

[0026] A polybenzoxazole resin was prepared in the same manner as in Example 1 , except that 54.2 g (0.2 mol) of 
2,4,5,6-tetrafluoroisophthalic acid chloride obtained from 2,4.5.6-tetrafluoroisophthalic acid by the same method for 
preparation of acid chloride as in Example 1 was used in place of S4.6 g (0.2 mol) of 4,4'-hexafluoroisopropyliden- 
35 ediphenyl-1, V-dicarboxylic acid chloride of Example 1. The resulting resin was evaluated similarly to Example 1. 



Example 3 

[0027] A polybenzoxazole resin was prepared in the same manner as in Example 1 , except that 59.0 g (0.2 moi) of 
4,4 , -oxydiphenyl-1,V-dicarboxylic acid chloride obtained from 4,4'-oxydiphenyl-1 .V-dicarboxylic acid by the same 
method for preparation of acid chloride as in Example 1 was used in place of 84.6 g (0.2 mol) of 4,4'-hexafluoroiso- 
propylidenediphenyl-1 , 1 '-dicarboxylic acid chloride of Example 1 . The resulting resin was evaluated similarly to Exam- 
ple 1. 

Example 4 



[0028] A polybenzoxazole resin was prepared in the same manner as in Example 1 , except that 42.3 g (0. 1 mol) of 
4, ^-hexafluoroisopropylidenediphenyl-l, V-dicarboxylic acid chloride and 29.5 g (0.1 mol) of 4,4 , -oxydiphenyl-1 , Tri- 
carboxylic acid chloride were used in place of 84.6 g (0.2 mol) of 4,4'-hexafluoroisopropylidenediphenyl-1 .Tricarbo- 
xylic acid chloride of Example 1. The resulting resin was evaluated similarly to Example 1. 

Example 5 



[0029] A polybenzoxazol resin was prepared in the same manner as in Example 1 , except that 42.3 g (0. 1 mol) of 
4,4'-hexafluoroisopropylidenediphenyl-1,1 , -dicarboxylic acid chloride and 27.1 g (0.1 mol) of 2,4,5,6-tetrafluoroisoph- 
thalic acid chloride were used in place of 84.6 g (0.2 mol) of 4,4'-hexaftuoroisopropylidenedipheny1-1 .Tricarboxylic 
acid chloride of Example 1 . The resulting resin was evaluated similarly to Example 1. 
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Example 6 

[0030] A polybenzoxazole resin was prepared in the same manner as in Example 1, except that 70 4 g (0.14 mol) 
of 2 2'-bis(3-amino.4-hvdroxy-5-irifluoromethylphenyl)hexafluorcpropane and 13.0 g (0.06 mol) of 4 - 4 ^^ 3 " 
dihydroxybiphenyl were used in place of 100 5 g (0.2 mol) of 2.2--b.s(3-amino-4.h y droxy-5-tnfluoromethyl P henyl)hex- 
afluoropropane of Example 1. The resulting resin was evaluated similarly to Example 1. 

Example 7 

[0031] A polybenzoxazole resin was prepared in the same manner as in Example 1 . excep t «hat »3fl | (0.1 mol) of 
2.2'-b sO-amino-A-hydroxy-S-trifluoromethylphenyDhexafluoropropane and 21 .6 g (0 1 mol) of 4 4 ^^ a »uor 
droxybiphenyl were used in place of 100 5 9 (0.2mol) of 2.2--bis(3-amino-4-h y dr 0 xy-5-t ri fluoromethyl P hen y l)h e xafluor- 
opropane of Example 1. The resulting resin was evaluated similarly to Example 1. 

is Example 8 

[0032] A polybenzoxazole resin was prepared in the same manner as in Example 1 except that 119.7 g (0.2 mol) 
of 2 2--bis(3-amino-4-h y droxy-5-pentafluoroethylphen y i)hexafluoropropane was used in place of 100.5 g (0.2 mol) of 
2,2--bis(3-amino-4-hydrox y -5-trifluorometh y iphen y i)hexafluoropropaneof Example 1. The resulting res.n was evaluat- 
20 ed similarly to Example 1 . 

Comparative Example 1 

[0033] A polybenzoxazole resin was prepared in the same manner as in Example 1 , except that 43.2 g (0.2 mol) of 
UJaminoi-dihydroxybiphcnyl was used in p.acc of 100.5 g (0.2 mo.) of 2.2^bis(3-am 1 no^hydroxy-5- tnfluor- 
o^em^henyOhexaJuoropropane of Example 1 and that 59.0 g (0.2 mo.) of 4.4'-c*y«Spr«nyl-l 1 
cNoride was used in place of S4.6 g (0.2 mol) of A.^exafluorcisopropylidenediphenyM , 1 •-d.carboxyl.c ac.d chlor.de 
of Example 1. The resulting resin was evaluated similarly to Example 1 

30 Comparative Example 2 

[0034] A polybenzoxazole resin was prepared in the same manner as in Example 1 except that 43.2 g (0.2 mol) of 
A " dLinoi-dihydroxybiphenyl was used in place of 100.5 g (0.2 mol) of 2.2--b,s(3-amino ; 4-h y drox y -5-tr.fluor- 
omethylphenvDhexafluoropropane of Example 1. The resulting resin was evaluated similarly to Example 1. 

Comparative Example 3 

r003Sl A pofybenzoxazole resin was prepared in the same manner as in Example 1 , except that 43.3 g (0.2 mol) of 
2 2-b s(3 am°no-4-h y drox y phen y i)hexafluoropropane was used in place of 1 00.5 g (0.2 mo.) of 2 2-b,s<3-am,no^y- 
droxy^ 5^iflu^ometh y y .phe y n P y .)hexaf.uoropropane of Example 1 and that 59.0 g (0.2 mol) ^'^^^J: 
cSoxylic acid chloride > was used in place of 84.6 g (0.2 mol) of 4 4'-hexaflu 0 roisopropyhdened, P henyl-1 , 1 -d.carboxyte 
acid chloride of Example 1. The resulting resin was evaluated similari y to Example 1. 

Comparative Example 4 

[0036] 66 9 Grams (0.2 mol) of 2.2--bis(4-aminophenyl)hexafluoropropane (manufactured by Central Glass Co.Ltd^) 
was d ssotved in 400 g of dried N-meihyl-2-pyrrolidone. followed by adding dropwise thereto a so.ut^n of 8S.8 g of 
h7xafluoroisopropy.idene-2.2--bisphlhalic acid anhydride (manufactured by Daikin Kogyo Co.. Ud.) .n 200 g of N-me- 
thy'-py rroUdone^at 1 0-C in dry nitrogen over a period of 30 minutes. After comp.etion of the addition, 
was restored to room temperature, fo.lowed by stirring at room temperature for 2 hours. Then the eaction, mature 
was added dropwise to 1000 ml o. distilled water, and the precipitate was co.lected and dried to obtain a poly.m.de 

^^The resulting polyimide precursor was dissolved in N-mcthyl-2-pyrrolidone. and a polyimide resin was pre- 
par d and evaluated similarly to Exampl 1 

Comparative Example 5 

[0038] A polybenzoxazole resin was prepared in the same manner as in Example 1 . except that 1 50.2 g (0.2 mol) 
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of 2.2 , -bis(3-amino-4-hydroxy-5-perfluorounciecaphenyl)hexafluoropropane was used in place of 100.5 g (0.2 mol) of 
2.2 , -bis(3-amino-4.-hydroxy-5-trif!uoromethylphenyl)hexafluoropropane of Example 1 The resulting resin was evaluat- 
ed similarly to Example t. 

[0039] The results of evaluation in the Examples and the Comparative Examples are shown in Table 1 . 

Table 1 





Dielectric constant 


Heat resistance (°C.) 


Water absorption (%) 


Example 1 


2.3 


510 


0.1 


Example 2 


2.2 


513 


0.1 


Example 3 


2.4 


502 


0.1 


Example 4 


2.4 


505 


0.1 


Example 5 


2.4 


511 


0,1 


Example 6 


2.4 


5ie 


0.1 


Example 7 


2.4 


520 


0.1 


Example 3 


2.2 


501 


0.1 


Comparative Example 1 


3.2 


525 


0.3 


Comparative Example 2 


3.0 


510 
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[0040] Dielectric constant: This was measured at a frequency of 1 MHz by use of HP-4284A Precision LCR meter 
made by Hewlett-Packard Co. in accordance with JIS-K6911 . 

[0041] Heat resistance: Temperature at which the weight reduces by 5%, was measured at a heating rate of 10°C/ 
min. in nitrogen gas flow by use of TG/DTA 220 meter made by Seiko Denshi Kogyo K.K. 

[0042] Water absorption: Water absorption at a temperature of 85° C and a humidity of 85% for 24 hours was meas- 
ured by the weight method 

[0043] As clear from Table 1 , the polybenzoxazole resins of Examples 1 -8 showed good results on dielectric constant, 
heat resistance and water absorption. However, the polybenzoxazole resins of Comparative Examples 1 -3 were higher 
in dielectric constant than those of the Examples, the polyimide resin of Comparative Example 4 was much inferior to 
those of the Examples in water absorption, and the polybenzoxazole resin of Comparative Example 5 was lower in 
heat resistance than those of the Examples. Thus, it can be seen that polybenzoxazole resins and polyimide resins 
having no structures of the present invention cannot satisfy all of dielectric constant, heat resistance and water ab- 
sorption. 

[0044] From the above Examples, it is clear that polybenzoxazole resins excellent in all of electrical characteristics, 
thermal characteristics and low water absorption can be obtained by the present invention. 

[0045] Therefore, the polybenzoxazole resins of the present invention can be applied to various uses which require 
electrical characteristics, thermal characteristics, mechanical characteristics, and physical characteristics, and can be 
used, for example, as layer insulation films and protective films for semiconductors, layer insulation films of multilayer 
circuits, cover coats of flexible copper-clad sheets, solder resist films, liquid crystal-aligned films, etc. 
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Claims 

1. A polybenzoxazole precursor having recurring units represented by the following general formula (1 ): 
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wherein n denotes an integer of 2-1000. Rf, and Rf 2 which may be the same or different, denote H or C m F 2m>1 , 
with the proviso that at least one of them is C^F^,. m denotes an integer of 1-10. and X denotes a divalent 
organic group. 

2. A poiybenzoxazole resin having recurring units represented by the following general formula (2): 



25 



30 



35 




(2) 



wherein n denotes an integer of 2-1000, Rf, and Rf 2 which may be the same or different, denote H or C m F 2m+1 . 
with the proviso that at least one of them is C m F 2m+n , m denotes an integer of 1-10, and X denotes a divalent 
40 organic group. 

3. A poiybenzoxazole precursor having recurring units represented by the following general formula (3): 
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(3) 



wherein n denotes an integer of 2-1000, Rf, and Rf 2 which may be the same or different, denote H or C m F 2m ^ 
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with the proviso that at least one of them is C m F 2n ^ 1: m denotes an integer of 1-10. and X denotes a divalent 
organic group. 

4. A polybenzoxazole resin having recurring units represented by the following general formula (4): 



10 
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wherein n denotes an integer of 2-1000, and Rf 2 which may be the same or different, denote H or C m F 2m+1 , 
with the proviso that at least one of them is C m F 2m+1 , m denotes an integer of 1-10, and X denotes a divalent 
organic group. 

25 

5. A polybenzoxazole precursor having recurring units represented by the following general formula (5): 
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wherein n denotes an integer of 2-1000, Rf<, and Rf 2 which may be the same or different, denote H or C m F 2m+1 , 
with the proviso that at least one of them is C m F 2m+1 , m denotes an integer of 1-10, and X denotes a~divalent 
organic group. 

6. A polybenzoxazole resin having recurring units represented by the following general formula (6): 
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